HEAT STERILIZABLE Ni-Cd BATTERY DEVELOPMENT

Jet Propulsion Laboratory
Contract No, 951972

-

b

—
TACCESSIO) UUMBER) 3

(PAGES)

(CORE)
) g 24
; i % ) GORY)
{(NASA CR OR X Ok AD NU ER) »(

FACILITY FORM 602



HEAT STERILIZABLE Ni-Cd BATTERY DEVELOPMENT

Jet Propulsion Laboratory
Contract No, 951972

Report for Third Quarter
1 January to 31 March 1968

Prepared by

P. V. Popat - Project Manager

TEXAS INSTRUMENTS INCORPORATED
Research and Development Laboratories
Attleboro, Massachusetts

This work was performed for the Jet Propulsion Laboratory,
California Institute of Technology, sponsored by the
National Aeronautics and Space Administration under
Contract NAS-7-100; Task Order No, RD-26

metallurgical
materials division



1
|
i
ik

3
i
i
il
'
1

NOTICE

This report was prepared as an account of Government-sponsored work.
Neither the United States, nor the National Aeronautics and Space
Administration (NASA), nor any person acting on behalf of NASA

(a) makes warranty or representation, expressed or
implied with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, apparatus,
method, or process disclosed in this report may not
infringe privately owned rights; or

(b) assumes any liabilities with respect to the use of,
or for damages resulting from the use of any information,
apparatus, method, or process disclosed in this report,

As used above, 'person acting on behalf of NASA" includes any
employee or contractor of NASA, or employee of such contractor, to
the extent that such employees or contractor of NASA, or employee
of such contractor, prepares, disseminates, or provides access to
any information pursuant to his employment with such contractor.

Request for copies of this report should be referred to:

National Aeronautics and Space Administration
Office of Scientific and Technical Information
Washington 25, D,C,

Attn: AFSS-A
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ABSTRACT

The work performed to date has estsblished the technical feasibility of
heat-sterilization of sealed nickel-cadmium cells. They maintain approxi-
mately 75% of the nominal capacity after heat-sterilization in fully
discharged condition. The major problem sreas identified and on which
work is now being done are (1) changes in the oxygen-free capacity and

”? morphology or crystal structure of the positive plate (2) oxidation of

2 excess cadmium metal in the nagative plate and (3) changes in the elec-
trolyte absorption and distribution during heat-sterilization,

Electrochemical performance data for automatic continuous cycling of
sealed control cells containing the two best available heat-sterilizable
separators and various levels of elsctrolyte are presented., There is
little change in the performance of thesz cells as a function of cycling.
The delivered capacity increases as the rate of charge increases, other
conditions being the same, Optimum slectrolyte level appears to be

Y between 70 and 80% of the free porzs volume,

SNC— |

As a part of the factorial design experiment, preliminary data on the
effect of cobalt on the positive and indium as well as thallium on the
negative plate performance before and after sterilizatien are presented,
There does not appear to be a major improvement in the postesterilization
performance characteristics of thesa cells as a result of these additions,

[

el gt

The relative amount of electrolyte appears to be the major factor in the

performance of these cells, Wetting and KOH absorption characteristics

) of the separator, the positive and the negstive plate change as a result
of sterilization and cycling., 7Thase modify the electrolyte distribution
in the starved cell and also affect the oxygen recombination rates at

\ the negative plate. Datz for the changes in the KOH pick up by individual

components are given,

(A—

Further physico=chemicel chsracterizations of the active cell components
before and after hestesterilization are undsrway. These include x-ray
diffraction, DTA, TGA and electron microscopic studies. Typical data
for DTA studies ave prascntad, An attempt is underway to correlate and
interpret thase results,

3
o

Rectangular secaled cells for further factorial design studies have been
built and are undergoing characterization cycles prior to heat-sterilization,

4
{
i
i
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INTRODUCTTON

This is the third quarterly progress report on the heat-sterilizable
nickel-cadmium battery development under Jet Propulsion Laboratory Contract
No. 951972, sponsored under NASA Contract NAS-7-100, Task Order No. RD-26.
The object of this contract is to perform reséarch and development work
leading to the design, development, fabrication and testing of sealed,

rechargeable, nickel-cadmium cells capable of heat sterilization.

The heat sterilization requirements include testing at 135°C for type
approval, and 125°C testing for flight acceptance. At the 135°C steri-
lization temperature, the heating rate is 19°C/hour. The chamber is

cooled at the same rate at which it was heated. Two such cycles are required.

For preliminary testing one 120-hour cycle may be used,

The specific tasks under this contract are divided into three broad cata=-
gories: (1) electrochemistyy involving statistical and other experiments
for characterizing and optimizing electrodes, electrolyte and separators

for heat-sterilizable Ni-Cd cell, (2) case design for hermetically sealed,

heat sterilizable cells, and (3) fabrication and evaluation of rectangular,

4 AH sealed cells before and after heat sterilization.

The details of each specific task requirement are given in the First Prog-
ress Report and will not be repeated here., The work performed during the

third quarter is described in the following sections.

metallurgical
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II.

ELECTROCHFEMICAT, INVESTIGATIONS

2.1 Behavior of Sealed Control Cells

As a part of the factorial design experiments for the development of

hermetically sealed, heat sterilizable Nickel-Cadmium cells, it is

necessary to develop a standard, reproducible control cell against which

cells containing different design variables can be compared. Rectangular
control cells containing heat=sterilizable polypropylene separator

types Pellon 14019 and Pellon FT2140 and with varying amounts (60, 70,

80 and 907 of free pore volume) of 307 KOH have been fabricated according
to the procedure described in the second quarter progress report and

have been undergoing automatic charge discharge cycling tests to
determine the performance on continued cycling prior to sterilization,
Parameters measured include end of charge voltage and pressure, capacity
delivered to 1.00 V cut off, end of charge and end of discharge resis-
tances and in selected cells, oxygen recombination rates. One object

of this continued cycling of control cells is to determine what if any
degradation in capacity or increase of resistance occurs during life
cycles, Cycle data for cells containingPellon 14019 separator for various
rates of charge and discharge are given in Table I fo£ 59 cycles, After
the initial several characterization cycles, only selected, represen=
tative cycle data are presented for the sake of conciseness consistant
with clarity and usefulness. Similar data for Pellon FT2140 are given

in Table II. The efficiency data given in Tables I and II are not based
upon so called '"rated capécity" which is a variable quantity but are

based upon theoretical capacity of the plates as determined by chemical

metallurgical
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analysis of the positive plates, This theoretical capacity for cells

of Table I and II is.5.58 AH,

An examination of the data of Tables I and II lead to the following

general observations and conclusions:

a. The rate of charge has a significant effect on the chérge
acceptance and on the delivered capacity for a given rate
of discharge, in this case 2 ampere discharge rate to 1.0 V
cut off, Greafer the rate of charge, greater is the charge
acceptance and the output efficiency. Thus, for instance,
with the cells containing type 14019 separator and 80% pore
£ill, the efficiency values are approximately 55%, 68% and
78% for charge rates of 250 ma, 400ma and 1,0A respectively.
For the cells containing FT2140 separator and 80% pore fill,
the corresponding efficiency values are approximately 35%,
50% and 70% respectively, It is well established that the
charge acceptance (or oxygen-free capacity) at the positive
plate increases with the charge rate., This is related to
the fact that the oxygen overvoltage increases more rapidly
with increase in current density than does the ovéfvoltage

for the oxidation of the positive active material.

b. The optimum amount of the electrolyte with both types of
separator is between 70 and 807 of the free volume. Cells
with 60% Poré fill exhibited high resistances, particularly

with FT2140 separator. Cells with 90% pore £fill exhibited

metallurgical
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excessive end of charge pressures and relatively slow rates

of oxygen recombination as expected,

c. There is significant variation in the end of charge pressure

data and more careful measurements of the pressure rise on
charge and required to determine the effect of charge rate
on pressure rise. Data for the pressure decay on stand are
”z being analysed now., Preliminary analysis shows little
d;fference in the rates of oxygen recombination with 70% and

i 80% pore fills in the cells containing 14019 and FT2140

o separators.
7
!
d. There is no significant difference in the end of charge voltages
|
! between the two types of separators with 70% and 80% pore
f£ills.

While, from these results 14019 separator appears to be superior
to FT2140, the tendency of cells with 14019 to develop short

circuits after second heat sterilization requires the inclusion

of both separator materials in further factorial experiments.

.
o
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Terfornzice Date for leat-Sterilizable, Seiled fcctingular, Ni-Cd Control Cells (Unsterilized)
. P . . -]
With Polypropylenme 14019 Se zrator on Continuous Cycling at 21°C.

Cell

Cycle

=z
]

Charge Data

Discharge Data;

10V Cut Off

Amp.

H\Hw.m.

Volts

ECP
PSIA

. ECR
Jm

AH
Output

P ma ey -

EDP
PSIA

EDR | Eff.
m. -

%

Comments

mo:wmo

24

e

1.405

26.7

3.24

2,634

15.7

442

46.6

0.250

24

[mh)

1.466

24.7

12,60

2,752

17.7

H

3,40

48.7

0,250

24

N

1. 409

29.7

2,49

3.218

IR D

18.2

2,001

57.0C

10,250

24

[

1,403

32.7 .

(2.34

2,784

17.2 ¢

2.5%;

49,3

. 0.250

24

N

1.403

MmQ.M

12,32

3.184

41,7

2.47.

56.4

ol vl ol wl o)

0.250

24

1. 409

36,2

7.4k

3.318

25.2 !

2.55.

58,7

SR SoRore S

o

0.250

24

1.405

79.7

i2.09

3.284

68.7

2,21

58.1:

NETERE: SO

el il W B Bl R AR e

0.250

24

[e)} o)} o)

1. 406

i67.7

12,20

3.318

58.7 |

53.7

7
mowmm
Fill|

60 |

60

70

70

80

30

90

90

|

60

et otk SRS

£0.250

24

1.405

mwmhw

3,27

o avrers 2uans afanms

2.734

17.2 |

H

2.33

43¢,

:
43.4 ¢

60

0.250

24

1. 404

Wm@.m

12,67

¥

2.834

14,7

1

3.41

50,2

70

0.250

24

1.406

42,7

12.52

3.152

23.7

2.79

55.8

EN NOE) IENCY

.70

£0.250

24

1.405

41.7

2.36

2,934

21.7 ]

2,67

51,9
&

W

80 !

10.250

24

1.409

170.7

12,37

3.334

51.2

2.62.

m@.ow

[}

80

RNINE D DNENEND

: 0,250

24

SO OOV OOy

1. 407

:57.7

2,47

3.300

39.7

2.70

#7 & 8 remove. Jue

to high pressurzs,

60

(@8]

{

£0.250

24

(<))

1.401

s

139.7

3,28

2.0

2,134

16,71

(93]
.

i

() e

TR S

60

(W3]

Mo.wmo

24

[op

]

1.400

126.7

;2,69

2.0

2.200

14,7

A

(8]

70

70,250

24

[

1.403

753.7

2,50

2.0

2.484

20,2}

3

£ O

)

70

10,250

24

(e

1.402

150.7

2.31

2.0

2.334

16.7

b

NN N
.
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80

70.250

24

1,408

74,7

2.31

2.0

. 2.866

3

38,7

i

N
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N
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Performance Data for Heat-Sterilizable, S3ealed Rectangular, Ni-Cd Comtrol Cells Adﬁmmmwwwwmmmv
With Polypropylene 14019 Separator on Continuous Cycling at 22°C

M dowmwm% Data _ menﬁmﬁmm Data; 1OV Cut Off
%o : _
Cell | Pore! Cyclel Amp. | Hrs. | AH W ECV M ECP | ECR | Amp | AH | EDP | EDR; Eff, Comments
No { Fill{ No, Input! Volts [PSIA ;m . - Qutput | PSIA im "-! %
6 80 3 10.250 | 24 | 6 | 1.405 166.7 [2.42 } 2,0 |2.652 ; 35.7 {2,401 46.9 | !
; ; ! ! T ; 3
1 €0 4 10.250 ! 24 6 | 1.405 143.7 Mw.wm 2,0 12,318 W 18.7 13.76 41,0
2 60 4 10,250 24 ) 1.403 34,7 2.79 {2.0 |2.352 W 15,7 +2.87° 4l.6
3 70 L 0.250 | 24 6 | 1.405 162.7 2.5k | 2.0 | 2.552 | 35.2 :2.44; 45.2°
i 70 L 10.250 | 24 6 | 1.404 58.2 12.42 | 2.0 |2.566 | 29.7 2.29 45.% !
5 80 4 10.250 | 24 6 | 1.414 76.7 [2.41 | 2.0 [3,266 | 56.7 ;2,29 57.8; W
6 | 80 ( 4 j0.250 + 24 | 6 | L.409 76.7 |2.57 | 2.0 | 2.918 | 56.7 2.4l 51.6 | J
1§ 60 1 6 10,4001 16 | 6.4) 1.410 161.2 13.29 | 2.0 ;2.384 ¢ 147  3.80] 42,2 ]
2 60 | 6 10,400 | 16 | 6.4 L.410 146.2 12.71 |2.0 | 2.434 | 14,7 |3.00) 43.1
3 | 70 1 € 10.400 | 16 | 6.4 1.414 [75.7 [2.60 | 2.0 | 2.866 | 26,7 | 2.56 50.7 |
4 1 70 € 10.400 @ 16 & 6.47 L.411 2.39 1 2.0 | 2.700 | 29.7 | 2.40 47.8 |
5 80 € 10.400 16 . 6.4 1.423 2.36 ;2.0 | 3.718 | &41.712.35 65.8] W
6% W W . W - WomHH out of circuit.’
1 60 7 16 @ 6.4 1.411 3.06 | 2.0 {2,700 | 21.71{ 410 47.8" M
2 | 60 7 16 . 6.4 L.410 1253 12,0 | 2,734 | 18.7] 3,06 43.4,
3 70 7 16 | 6.4 L1.417 2.51 | 2.0 | 3.400 | 33.71 2.8L 60.2 | :
4 70 7 16 | 6.4 1,412 2.26 | 2.0 | 3.066 | 43.7,2.69 54.3, :
5 80 7 16 6.4 1.425 12,25 12.0 | 4,084 | 47.7] 2,45 72.3 ! :
. : A , -
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Performance Data for Heat-Sterilizable, Sealed Rectangular, Ni-Cd Control Cells (Unsterilized)
With Polypropylene 14019 Separator on Continuous Cycling at 22°C

W w w Charge Data Discharge Data; 10V Cut Off : |
P% A ! ! | W | ! |
.omSw Pore! Cycle Amp, Hrs, | AH ECV ECP . ECR | Amp AH | EDP ,m EDR ; Eff, Comments i
No | Fill{ No. { Input; Volts ;PSIA jm - | Output | PSIA {m {2 % , !
1 60 ¢ 10 0,400 16 ;6.4 | 1.393 57.7 i3.27 {2.0 [2.552  26.7 4,60 45.2 lcell #1, 2, 6 out of
2 60 10 | 0,400 ; 16 6.4 | 1.413 ;59.7 12,69 {2.0 |2,752 | 23.7 3.74 :48.7 |circuit on charge
773770 0 10 0.400 16 6.4 | 1.421 i75.7 [2.53 12.0 [3.800 | 36.2 2.72 67.3 | |
4 170 10 10,400 16 6.4 | 1.419 {63.2 ;2.33 [2.0 [3.552 . 46.2 2.6l  62.9 | ~
775 80 10 0,400 16 | 6.4 | 1.427 [76.2 (2,27 {2.0 [3.952 | 48,7 12.45 69.9 } |
6 18 . 10 0.400 i 16 6.4 't 15323 187.7 ;1.58 [2.0 [3.200 } 77.7 !2.45 | 56.6 Mcon: ECV and Eff, |
w w W ; I ; ! . : Lower cause:
m . : W : , i ; ] ! unknown
1 060 | 12 0,400 16 6.4 : 1.379 [68.7 {3.24 {2.0° [2.384 | 13,2 (4,48 ; 42.2 {cell #1, 2, 6 out of d
2 ;60 | 12 10.400: 16 6.4 : 1.380:50.7 {2.71 ;2.0 [2.434 2.2 3.56 43.1 anwocwn on charge w
3. 70 12 10.400° 16 | 6.4 | L1.429 ;14,7 [2.79 (2.0 [3.784 | &.7 12.61, 67.0 C T :
4 170 12 10.400. 16 |6.4 1,418 ;64.7 ;2.33 (2.0 |3.434 | 36.2 {2.50 60.8 | |
5 1 80 | 12 0,400 16 6.4 | 1.433  14.7]2.31 12.0 13.934 | -7.3 12.29 . 69.6 |
6 {80 ; 12 ;0,400: 16 6.4 | 1.423[67.7,2.66 2.0 [3.652 | 46,2 :2.34 64,6 |
1+ 60 13 5 _.5.0 | 1.382:74,7$2,96 12,0 13,384 | 23.7 !4.20 59,9 ! . m :
2 1 60 13 . 5 15,0 : 1.427 1 64,712.53 ;2.0 }3.384 | 18,2 [3.25 59.9: w ;
3 .70 13 5 15.0 [ L.444152.712.3512.0 [4.066 | 19.7 {2.50 72.0 ! i
b4 470 ¢ 13 5 5.0 | 1.441:61.7{2.23 :2.0 4,052 | 29.7 12.37 69.9 !
5 1 80 13 5 5.0 ; 1.462 49.7:2,13 :2.0 {4.052 ¢ 27.2 2,15, 7.7 | :
6 ¢80 . 13 5 +5.0 { 1.,442:65.752.3532.0 | 4,066 | 42.7}2.26. 72.0 | :
L : : 4 . w |
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TABLE 17 continued
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Performance Data for Heat-Sterilizable, Sealed Rectangular, Ni-Cd Control Cells (Unsterilized)
With Polypropylene 14019 Separator on Continuous Cycling at 22°C

Cell

%
Pore!

Charge Data

Discharge Data; 10V Cut Off

Cycle

Hrs,

AH

Hn@pn

ECV

Volts !

ECP
PSTIA

ECR
m -

Amp

AH
Output

B P R

EDP | EDR
PSIA (m £}

‘EfE,

%

Comments

Fill|

No.

13,22

14,7 |4.83 |

S

1 | 60 & 1.0 | 5 50 | L.44 [40.7 2.0 3.752 66. 4
T2 | 60 14 | 1.0 | 5 5.0 | 1.443[36.73.22]2.0 |3.752 | 1h.7 ;4.82 66.4 |
™3 70 14 | L0 . 5 5.0 | 1.452(35.72.47 2.0 |&134 | 147 .2.73,73.2
TET 70 1% L0 5 [ 5.0 | 1449 | 47.2]2.37 2.0 |4.052 | 147 2.52 7.7
580 14 1.0 | 5 5.0 [ 1476 36.72.17 2.0 |4.100 | 14.7 2.26 72.6 |
-6 80 14 {10 ; 5 5.0 { L1.451742.712.4112.0 [4.134 | 14.7 12,48 Nu.ww
L1 60 15 {10 i 5 {50 | 1.451160.72.78 2.0 |4.100 | 20.7 {5.131 72.6
T2 60 ¢ 15 | 1.0 | 5 [ 5.0 ; L.450 47.22.34]2.0 | 4,066 | 16.2 ;3.72; 72.0
T3 70 5 L0 1 5 5.0 L.453, 46.7 2.2612.0 | 4.352 | 18,7 |2.75; 77.0
P4 P70 0 15 1L 5 | 5.0 . L1.451:57.7) 2.06 2.0 | 4.266 | 24.7 2.58, 75.5
5 | 8 15 1.¢ 5 5.0 | 1.481° 49.7 1,93 12.0 {4,300 | 26.2{2.36] 76,1
¢ 6 1.80 ! 15 § 1.0 5 5.0 | 1.452;57.712.33 2.0 |4.352 | 37.72.57 77.0
m i M ; : o ; . P
1 P60 18 1.0 ¢ 5 50 1.455 49.7/3.0812.,0 | 4,166 | 18.715.86 73.7
T2 60 18 | L0 5 5.0 1.457, 44,7} 2.60;2.0 | 4218 | 16.22.36 747
T3 70 18 11,0 | 5 15,0 | 1.457% 41.2¢ 2,401 2.0 | 4,400 17.7 1.52 77.9 |
T4 707 18 1.0 | 5 5.0 145 4.2 2.25,2.0 | 4.352 | 21.7 1.56_77.0
.5 | 80 18 1.0 : 5 5.0 | 1.493. 48.2 1.97 { 2.0 | 4.300 W_Noamw 1.90 76.1:

5 : 80 18 | 1.0 _ 5 [ 50 1457 49.7] 2.3872.0 | 4418 32,27 1.3L 78,21

12550 e

e
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Performance Data for Heat-Sterilizable, Sealed Rectangular, Ni-Cd Control Cells (Unsterilized)
With Polypropylene 14019 Separator on Continuous Cycling at 22°C

Charge Data Discharge Data; 10V Cut Off

I I 7 i H ! .
Cell wwwmm Cycle Amp, Hrs. ] AH. ECV ECP W ECR { Amp AH , EDP muwm Eff, Comment s-
No | Fill{ No. Input|{ Volts {PSIA im ()| Output { PSIA im ' % L
1 | 60 21 ['L.0 | 5 5.0 | 1.451]37.7/3.542.0 |3.784 | 17.2 |6.391 67.0 |
2 60 2L | 1.0 5 5.0 | 1,455 46,212.9172,0 |4, 134 | 21.2 [4,23]73.2
3 {70 W 21 .o | 5 5.0 | 1.451133.2 ) 2.77 1 2.0 |4.284 ¢ 16,2 2.97] 75.8
4 ] 70 [ 21 | o | 5 5.0 | 1,449 138,72.7112,0 |4.266 | 19.7 /2,96, 75.5
5 80 - 21 | 1.0 5 5.0 | 1.4641 40.7] 2,64 2.0 | 4,218 W Nunu,mw.qmm 74.7
6 80 2L (1.0 5 5.0 | 1,452139.7}2.63]2.,0 |4,334 T 27.7 WN.QHW 76.7
7 90 { 21 | 10 ; 5 5.0 | L.4b4| 45.7 2,40 { 2,0 | 4,218 T39.7 Mwopmw 74,7
8 90 | 21 | Lo | 5 5.0 | L.443 ] 43.2] 2,65 | 2.0° | 4,334 | 37.2 wm,mmw.umhu )
1 60 « 22 ;1.0 s | 5.0 W 1,460 48,71 3,351 2.0 |3.818 | 26.2 Mu,omw 67.6 | | o
2 60 ¢ 22 ; 1.0 ; 5 [ 5.0 [ 1.4627155.7}2.7712.0 {4,166 : 21.2} 4,46{ 73,7
31 70 22 1.0 | 5 | 5.0 1.461 42.7] 2.66!2.0 | 4.400 | 17.73.00 77.9
4 70 22 [ 1.0 | 5 5.0 | 1.460; 47.7] 2.68 2.0 | 4,352 | 22.2 5.98 77.0
5 1 80 22 [ L0 | 5 5.0 LA4/5 52.2] 2.62] 2.0 | 4.252 | 27.2 2.84 75.3
6 80 M 22 1 1.0 W 5 M 5.0 W 14611 50.2¢ 2.58{ 2.0 | 4434 | 34,2 2,70° 78.5 | R
7 90 = 22 1.0 ; 5 150 ; L,451} 60.7} 2.39 2.0 | 4.334 | 53,7 2.59- 76,7 : - m
§ 1 90 22 | L0 | 5 5.0 L& 57.7] 2.64 2.0  4.43k | 49.212.84 78.5| «
1 mo.w 23 s 5.0 | 1.459% 52,21 3.55: 2.0 M 3.900 | 28.7; 8,53, 69.0:
2 60 W 23 i 5.0 i 1.459¢ 54.7 2,910 2.0 | 4,266 | 20.7. 4,60 75.5.
3 70 - 23 -~ 5 5.0 © 1,457} 39.7! 2,75]2.0 | 4,434 | 16,27 3,11 78.5 M

|
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Performance Data for Heat-Sterilizable, Sealed Rectangular, Ni=Cd Control Cells (unsterilized)
With Polypropylene 14019 Separator on Gontinuous Cycling at 22°C

G

i ) Charge Data Discharge Data; 10V Cut Off ]
%o , w m | ! _ m W
Cell! Pore! Cycle Amp. Hrs. M AH ECV | ECP . ECR | Amp AH EDP | EDR | Eff. Comments
No { Fill{ No. { Input{ Volts {PSIA im .. | Output | PSIA |m = %
4 170 23 |10 5 15,0 | 1.457 44,7 [2,70 12,0 [4,384 | 20.2 [3.09 |77.6 !
5 80 ~ 23 1.o i 5 15,0 1.500 ;50,7 12,60 ;2,0 {4,284 1§ 25,2 12,97 75,8 |
. W — : w : :
6 80 : 23 | 1.0 ., 5 |50 [ 1,458}47,272,65{2,0 [4,452 ¢ 30.2 ,2,80:78.8
7 390 23 {10 5 5.0 1 1,450 {61.2 {2.44 2.0 4,366 - 53.7 i2.64 77.3
8 90 23 1,0 ; 5 5,0 ; L.447 158.7 12,71 2,0 {4,400 | 49,2 2.8l 77.9 i
1
2 60 28 1.0 5 5.0 : 1.461/50,712,5612,0 4,352 | 20,7 (4,15i 77,0 cell #1 removed
3 70 | 28 {1.0 | 5 5.0 | 1,458 ,39.712,45{2.,0 4,484 | 15,7 12.50:79.4 | from test m
4 70 28 ;1.0 | 5 5.0 0 1.4577143,212,37 12,0 [4,466 | 19.7 12,54 79.0 i
5 | 80 . 28 1.0 | 5 5.0 1.473 % 46.7 1 2.25 | 2,0 [ 4,384 | 22,7 12,48 77.6
6 | 8 . 28 11,0 *: 5 5.0 | 1.458:45.7,2.23 12,0 {4,518 | 27.7 [2,29] 80,0 ! . :
70190 0 28 11,0 | 5 150 { 1.452:5L.7:1.99 (2,0 |4.434 ; 38.7 ;2,12 78,5}
8 ;90 28 ;1.0 = 5 150 1.451§50.2{2.33:2.0 {4,384 | 35.7 2.4k 77.6:
T w W , A
e : 3 i g 3
! _ m | : w 1 :
' H B i i i 3 H
i : : w ! ; : :
o : : { W W ; : : ”
; : £ i : : , : {
; : i : : : { w ) ;
W m S j m ! : w W

i

10



TABLE T (Contd)
PERFORMANCE DATA FOR HEAT STERILIZABLE, SEALET RECTANGULAR, Ni-Cd CONTROL CELLS (UNSTERILIZED)
WITHE POLYPROPYLENE 14019 SEPARATOR ON CONTINUOUS CYCLING AT 22°C
% i k Charge Data Discharge Datas 10 V Cutoff
Cell Pore Cycle “ AH ECV | ECP | ECR . Af EDP EDR | Eff. Comments
No., Fill No. Amp ” Hrs Input | Volts | psia + m4) | Amp ! Output | psia m7, % .
w 2 60 33 110 | s 5.0 | 1446497 | 2.83] 2,0 4.218] 21.7 5.64] 74,7
3 70 33 1.0 | 5 5.0 | 1,457 | 37, W 2571 2.0 | 4.384) 17,2 2.85! 77.6
“ 4 70 33 w 1.0 5 5,0 11,459 1397 | 2,6212.0 | £.366] 21.7 2,92} 77.3
5 80 33 W 1.0 w 5 5.0 1,508 4h. | 2671 2.0 | £.334] 25,2 2,771 76.7 A
6 80 33 1.0 5 5,0 | 1.460 42.2 | 2,511 2.0 | 4.384] 297 2,581 77.6 .W
L7 90 33 11.0 5 5.0 | 1,457 139.7 ¢ 2.291 2,0 | 4.318| 31.7 2,40 76.4 ssagw
8 90 33 11.0 5 5.0 |1.459 152.7 + 2,791 2.0 | 3.918] 38.7 2.851 69,3 W
2 60 43 _11.0 5 s.0 l1agelags  2.3l2.0 | a2isl 117 6.61] 74.7 ‘
3 70 43 WH.o 5 | 5.0 |1.4s57 347 L 2.47]2.0 | 4,452 | 13,7 2.80 | 78.8| W
4 70 43 11,0 5 5,0 |1.46339.7 ! 2.58 1 2.0 | 4.418 | 17.2 2.95] 78.2
5 80 43 11,0 5 5.0 | 1,512 |43.7 M 2.49 { 2.0 | 4.35218.7 2.82177.0 w
6 80 43 11.0 5 5,0 |1.463 |40.7 W 2,46 | 2.0 | 4.500 | 25.2 2.591 79.6
7 9 43 1.0 5 | 5.0 |1.460(33.2 . 2.23|2.0 | 4.500]21.7 _ 2.36]79.6 H
8 90 |43 1.0 5 5,0 |1.458 |45.7 1 2.8212.0 | 4.400 ! 24.7 3.08 77.9

11
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TABLE I  (Contd)

PERFORMANCE DATA FOR HEAT STERILIZABLE, SEALED RECTANGULAR, Ni-Cd CONTROL CELLS (UNSTERILIZED)
WITH POLYPROPYLENE 14019 SEPARATOR ON CONTINUOUS CYCLING AT 22°C

% Charge Data Discharge Data; 10 V Cutoff
Cell Pore Cycle ~AH ECV ECP ECR AH EDP EDR Eff, Comment s
No . Fill No. Amp Hrs Input] Volts psial mfL | Amp | Qutput! psia mAL % _

2 60 47  .250 24 6,0 | 1.407 | 42,73 2,98} 2.0 {3,352 4.7 6,58 | 59.3

3 70 47 m ,250 24 6,0 1 1,411 | 44,7 2,374 2.0 |[3.918 4,7 2,77 | 69,3
4 | 70 &7 w.ammo : 24 6.0 | 1.412 | 50.71 2,48] 2,0 |3.852 | &4.7 2.91 | 68,2
M 5 80 &7 W .250 : 24 6,0 1.409 | 31.71 2.47| 2.0 |4.300 | 24.7 2.80 | 76.1 ‘1
* 6 80 47 1 250 264 6,0 1.413 | 64.71 2.271 2.0 j4.134 |164.7 2.44 § 73.2 )
M 7 90 47 M .250 24 6,0 1.414 | 60.7 1 2.13} 2.0 14.118 1249.7 2.25 m 72.9 -
, 8 W 90 47 .250 24 6,0 1.411 | 69.71 2.771 2.0 14.818 1184.7 3.10 | 67.6

2 60 54 .400 16 6.4 1.422 | 57.712.981 2.0 {3.634 | 11.7 6.68 | 64.3

3 70 54 .400 16 6.4 1.432 | 57.712.611 2.0 14.334 | 16.7 2.65 176.7

4 M 70 54 .400 16 6.4 1.439 {59.712.701 2.0 14.518 | 23.7 2.79 | 80.0

5 80 54 .400 16 6.4 1.249 149.712.63]| 2.0 4.484 | 17.7 2.47 179.4
M 6 | 80 54 .400 16 6.4 1.441 | 64.712.471 2.0 wp.mww 35.7 | 2.27 W 81.7
— ' 90 54 .400 16 6.4 1.445 161.7 1 2.2712.0 Wb.bmb 47.7 1 2.15 79.4
_ j !

8 1 90 54 i .400 16 6.4 1.435 | 52.712.52 2.0 4.500 | 14.7 W 2.43 79.6

12
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TABLE I (Contd)

PERFORMANCE DATA FOR HEAT STERILIZABLE, SEALED RECTANGULAR, Ni-Cd CONTROL CELLS (UNSTERILIZED)
WITH POLYPROPYLENE 14019 SEPARATOR ON CONTINUOUS CYCLING AT 22°C

% Charge Data Discharge Data: 10 V Cutoff
Cell | Pore Cycle AH ECV ECP | ECR AH EDP EDR EFF. Comments
No. | Fill No. Amp Hrs | Input| Volts | psia| m. | Amp jOutput | psia mJL %
2 | 60 57 | .400 | 16 m 6.4 | 1.420 | 57.212.92] 2.0 3.452114.7 | 5.58 | 61.1 .
3| 70 57 | 400 | 16 | 6,4 | 1.429 | 56.7 | 2.50] 2.0 | 4.252 16,7 | 2.47] 75.3
4| 70| 57 | 400 | 16 | 6,4 | 1.434 | 62.712.6212.0 | 4.434]22.7 | 2.66| 78.
5 | _ 80 57 | 400 | 16 | 6.4 | 1.435 | 44.7)2.49)2.0| 4.552,18.7 | 2.53] 80.6
6 m 80 57 | 400 | 16 | 6.4 | 1.435 | 65.7]2.3612.0 | 4,552 |33.7 | 2.27 | 80.6
sl 90 | 57 | 400 16 | 6,4 | 1.437 | 68.7)2.1512.0 | 4.552}46.7 | 2.15] 80.6 .
8 | 90 57 | 400 | 16 | 6.4 | 1.430 | 60.7|2.4812.0 | 4.384|25.7 | 2.48| 77.6 )
o
2 | 60 s8¢ 1.0 | 5 | s0|1.4s7] - | - 2.0 3952] - | 7.211 69.9
3| 70 58 MH.O i s M so| 1.461| - | - |2.0 1418l - | 2.50| 78.2
s 10 58 1.0 s 50| 14ssl - | - 2.0 | w00 | - | 2.66| 77.9 |
W 51 80 58 1.0 L s s lvarel - - 120 4,386 - | 2.54]| 77.4 |
6, 80 | 58 10 5 50 | 1.456| - ! - |20 452 - | 2.5 78.8
7 | 90 58 1.0 . 5 50| 1.447] - _ |20 lass2, - | 2,000 77.0
8 9 58 1.0 | s soluasel . . lpoiassal - 2.8 77.0




PERFORMANCE DATA FOR HEAT STERILIZABLE,
WITH POLYPROPYLENE 14019

TABLE

1

(Contd)

SEALED RECTANGULAR, Ni-Cd CONTROL CELLS (UNSTERILIZED)
SEPARATOR ON CONTINUOUS CYCLING AT 22°C

A %‘ Charge Data Discharge Data: 10 V Cutoff
Cell Pore Cycle AH ECV ECP ECR . AH EDP EDR | Eff Comments

No. | Fill No. ; Amp Hrs | Input | Volts | psia |m S\ | Amp | Output | psia m{L | %

2 60_ ! 59 1.0 5 5.0 | 1.464 - [3.10}2.0| 4.066 - 8.48 172.0
3 70 59 w 1.0 ) 5,0 11,462 - 2.6412.01 4,500 = 2.79179.6
4 |_70 5 1.0 | 5 5,0 | 1.469 - |2.80|2.0| 4.618| - | 3.02/81.7
5 80 - 59 1.0 5 5.0 ]1.490 - 12.81{2.0| 4.434 - 2,94 178.5
6 80 29 1.0 5 5.0 | 1.466 - 2.59 12.0] 4.634 - 2.42182.0
7 90 59 1.0 5 5,0 11.470 = 2.3212.0] 4.700 - 2,29 183.2
8 90 59 1.0 | 5 5,0 [1.469 - 12,77 12.01 4.466 - 2.86 179.0

L
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TABLE IT

Data for Heat-Sterilizable, Sealed Rectangular, Ni-Cd Control Cells (Unsterilized)
With Polypropylene FTI2140 Separator on Continuous Cycling at 22°C

: Charge Data Discharge Data; 10V Cut Off
Cell mwum Cycle| Amp. | Hrs. | AH ECV | ECP | ECR | Amp | AH EDP | EDR| Eff, Comments
No | Fill{ No. Input| Volts |PSIA jun() Output PSIA [m(Y| %
~
1 60 1 |.250 24 6 | 1.412 | 16.7 | 8.57| 2.0 | 2.066| 15.7 [24.75|36.6
2 60 1 [.250 24 6 | 1.409 | 10,7 ]9.51| 2.0 | 1.966| 2.7 26,53|34.8
3 70 1 | .250 24 6 | 1.410 | 14.7 | 3.36| 2.0 | 2.752| 4.7 3.35] 48,7
4 70 1 | .250 24 6 | 1.403 | 17.7]2.50] 2.0 | 2.484| <-1.3]2.50 44.0
5 80 1 | .250 24 6 | 1,407 |21.7 |2.76| 2.0 | 2,800| 11.7 2.37 49.6
6 80 1 .250 24 6 | 1.404)38,7[2.49 2,0 | 2,584 22,7 2,26 45.7
7 90 1 | .250 24 6 | 1.411|57.7]2.40] 2,0 | 3.200| 43.7 2.0l 56.6
8 90 1 | .250 24 6 | 1.410]50.7 | 2.52| 2.0 | 3.034| 39.7] 2.32 53,7
1 60 2 1.250 | 24 6 | 1,401 {15,7|8.58] 2,0 | 1.652| 14,7 24,78 29.2
2 60 2 | .250 | 24 6 | 1.395| 14.7 | 8,53] 2.0 | 1.566| 2.7 22.29 27.7
3 | 70 | 2 |.250 | 24 | 6 1,399 | 89.7 | 3.01| 2.0 | 2,200| 4.7] 3.5 38.9
4 70 2 | .250 | 24 6 | 1.395| 24,7 2,17 2.0 | 2.018] -4.3] 2.63 25.7
5 80 2 | .250 w 24 6 . 1.395]32.72.26, 2.0 | 2.234| 11,7] 2.60 39.5
6 80 2 1.250 | 24 6 T 1,395 [ 6L.7 | 2,071 2.0 | 2.066| 24.7] 2.47 36.6
7 90 2 T.250 | 24 6 | 1.390[77.211.99) 2.0 | 2.466 56.7' 2.23 43.6
8 90 2+ .250 24 6 ' 1.353]74.7|2.17] 2.0 | 2.334] 42,7 2.5% 41.3
1 60 3 | .250 24 6 m 1,397 | 15,7 ] 8.171 2.0 | 1.534( 14,7 24,80 27.2
2 60 3 | .250 24 6 w 1.392 | 15.7 | 7.75] 2.0 | L1.484] 3.7,22.30 26.3
3 70 3 | .250 24 6 | 1.396.26,713.00. 2,0 | 2.052. 8.7 3.29 36.3

15
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“PABLE 11

Data for Heat-Sterilizable, Sealed Rectangular, Ni-Cd Control Cells (Unsterilized)
With Polypropylene FT2140 Separator on Continuous Cycling at 22°C

Charge Data Digcharge Ummlw 10V Cut Off

Cell wwﬁm Cycle} Amp, Hrs. | AH ECV ECP | ECR | Amp AH EDP { EDR| Eff, Comments
No | Fill} No. Input| Volts |PSIA |m Q) OQutput | PSIA Im.a| 7%
4 ‘70 '3 1.250 "24 f 6 ] 1.393 29,7 |2.20} 2.0 v,934 ] 1.7 |2.39]34.2
5 80 3 .250 24 6 1.394 40,7 2,41 | 2.0 2,152 | 17.7 {2.36/38,1
6 80 3 .250 24 6 1,394 165.7 {2.13{ 2,0 2,084 36,7 |2.27[ 36.9
7 90 3 .250 24 6 1,352 {75.7 {1.99 ] 2,0 2,352 | 55.7 ,Nrom 41.6
8 90 3 .250 24 6 1.345 | 64.7 | 2.18 | 2.0 2,166 | 43,7 | 2.33] 38.3
1 60 4 .250 24 6 1.398 | 15.7 | 8,55} 2,0 1,434 | 14,7, 23,09 25.4
2 60 4 »250 24 6 1,394 1 14,7 { 8,03 2.0 1,400} 2,7 19,88} 24,8
3 70 4 .250 24 6 1.395 (29,7 |3.19]| 2.0 1.852 | 4,7 | 3.41 32,8
4 70 4 .250 24 6 1,392 | 33,7 }2.24} 2.0 1,734} -3.3 | 2,48 30.7
5 80 4 .250 24 6 1.393 | 44,7 | 2,45} 2.0 1,934 14,7 | 2.42) 34,2
6 80 4 .250 24 6  1.393170.7]2.13| 2.0 1,7841 29,2 | 2,42 31,6
7 90 4 .250 24 6 1,354 162,7 11,911 2.0 2,000 | 35.7 | 2.25] 35.4
8 90 4 .250 24 6 _wamb 51.7 { 2,14} 2.0 1,984 29.7 | 2.52 35,1
1 60 5 | .250 24 6 mmwuuom 15,7 }18.23; 2.0 1.484 | 14,7 (30,23} 26.3
2 60 5 .250 24 6 1,397 { 15.717.90] 2,0 1.466 | 2.7 {25.55 25.9
3 70 5 .250 24 6 1.397 133.712.95; 2.0 1.9341 7.7 1 3.2Q 34.2
4 70 5 1 .250 24 6 | 1.393 |34.7)2.16] 2,0 |{ 1.834] -0.3 | 2.3Q 32.5
5 80 5 .250 24 6 1.3941 46,2 )2,32) 2,0 2,066 16,2 2.26 36.6
6 80 5 .250 24 6 1,393 1 68.7 { 2,07 2.0 2,000} 32,7 2.2 35.4

[E——
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TABLE IT

Performance Data for Heat-Sterilizable, Sealed Rectangular, Ni-Cd Control Cells (Unsterilized)
With Polypropylene FT2140 Separator on Continuous Cycling at 22°C

! Charge Data Discharge Data; 10V Cut Off

Cell mwﬂm Cycle] Amp, Hrs. AH ECV ECP | ECR | Amp AH EDP | EDR| Eff, Comments
No | Fill| No, Input| Volts |PSIA |m-() OQutput { PSIA |m.Q2| %
7 90 5 .250 24 6 1.359 |77.7 12,001 2.0 2,466 14,7 | 6.36} 43,6
8 90 5 .250 24 6 1.376 156.7 {2.,19 2.0 2,200 | 33.7 :2.24{38.9
1 60 6 . 400 16 6.4 ] 1,409 15,7 {7.201 2.0 1.634 | 15.7 29.74}28.9
2 60 6 . 400 16 6.4 | 1,405 |19.7 {7.16 | 2.0 1.518 4,7 25.37{26.9
3 70 6 . 400 16 6.4 1,409 | 46.7 |2.81) 2.0 2,252 16,7 Mu.wo 39.9
4 70 6 . 400 16 6.4 1 1,404 | 48,7 2,06 2.0 2,118 14,7 2.27137.5
5 80 6 . 400 16 6.4 1,405 |65.7 2,25} 2.0 2,434 Nm.wm 2,15/ 43,1
6 80 6 . 400 16 6.4 1,386 {35,7 {2.11} 2.0 1.918 Nb.u~ 2,101 33,9
7 90 6 . 400 16 6.4 1,418 |57.7 12.39 2,0 3.266 | 25.7 2,14 57.8
8 90 6 . 400 16 6.4 i 1.401 1 70.7 |2.25 2,0 2.666 mb.u% 2,15 47.2
1 60 7 . 400 16 w 1,409 (15,7 {7.54 ¢ 2.0 1.584 | 14,7 28.85/28.0
2 60 7 m‘bco 16 W 1,406 21,7 |7.54 ¢ 2,0 1,466 4,7 Nm.bmwmmem
3 70 7 {.400 16 . 1.407 |51.7 {2.88, 2.0 | 2.200 | 18.7 | 3.43]38.9
4 |70 | 7 0 .400 | 16 1,402 |51.7 |2.13 | 2.0 | 2.084 | 18.2 | 2.47]36.9
5 80 7 . 400 16 W 1.405 {71.7 ;2.31 w 2.0 ! 2,400 31.7 MN.bb 42,5
6 80 7 . 400 16 . 1,386 |45.7 |2.13 1 2.0 | 2,100 M 28.7 WN.PH 37.2
7 90 7 ' .400 16 1.422 (14,7 {3.00; 2.0 i 3.552 14.7 + 3.07}62.9
8 20 7 . 400 16 1.392 60,7 N.wa 2.0 | N.bmb,w bbeuw 2,451 44,0
1 60 8 . 400 16 1,409 . 15,7 {7,61 2,0 . 1,584 . 14,7 32,731 28.0

RN
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TABLE TT

Performance Data for Heat-Sterilizable, Sealed Rectangular, Ni-Cd Control Cells (Unsterilized)
With Polypropylene FT2140 Separator on Continuous Cycling at 22°C ,

. Charge Data Digcharge Data; 10V Cut Off
Cell mwﬁm Cycle] Amp, Hrs, | AH ECV ECP | ECR | Amp AH EDP | EDR| Eff, Comments
No | Fill}] No, Input| Volts |PSIA |m {1 Output | PSIA |m (2| %
2 60 8 . 400 16 6.4 1.405 15,7 |7.49 | 2.0 1,418 | 4,7 25,92 25,1
3 70 8 .400 16 6.4 1.407 (54,7 {2.87 | 2.0 2,134 20,7 13,01} 37.8
4 70 8 . 400 16 6.4 1.403 [52.7 12.09 | 2.0 2,034 21,2 [2,29]36.0 X
5 80 8 . 400 16 6.4 1.405 |74.7 Nymw 2,0 2,366 {35.2 |2,22{41,9 =7
6 80 8 . 400 16 6.4 1.386 |26.7 |2.15| 2.0 1,918 | 22.2 12,22{33.9
7 20 8 . 400 16 6.41 1.423 14,7 12,90 2.0 3,566 | 11,7 3,02{63,1
8 90 8 . 400 16 6.4 1.397 |60.7 {2.30 | 2.0 2,434 | 46,2 }2,26143,1 i
1 60 9 400 16 6.4] l.414 [ 15,7 |7.89 | 2,0 1,718 | 14,7 {839.2330.4
2 60 9 . 400 16 6,41 1,412 122,7 {7.85} 2.0 1,600 | 4.7 B31,09128.3
3 70 9 . 400 16 6.4 Ll.413 |55.7 |3.12 | 2.0 2,384 {19.7 13.53}42.2
4 70 9 . 400 16 6,41 1.408 {52.7 {2.24 | 2.0 2,266 | 18,2 | 2,55/40,1
5 80 9 . 400 16 6.4 l.4ll [ 68.7 |2.45 ] 2.0 2,700 | 30.7 | 2,43] 47,8
6 80 9 . 400 16 6.4 | Hwbwm 74.7 [2.29 ¢ 2.0 2,918 {39.7 | 2,38/ 51,6
7 90 9 . 400 16 m.pm 1,426 |38.7 |2.96} 2,0 3,700 | 17.7 | 3.54 65,5
8 90 9 . 400 16 6.4 1,408 | 64,7 |2.351 2.0 2.818 | 47.7 | 2,33} 49.9
1 60 10 { .400 16 6.4 1.412 | 14,7 17.59| 2.0 1,700 | 15,7 138,08 30.1
2 60 10 | .400 16 6.4) 1.406 23,7 )7.311 2.0 1,434} 4,7 129,391 25.4
3 70 10 | .400 16 6,41 L1.411157.7 |2.64} 2.0 .N.wwb 19.7 | 3.32} 41.3
4 70 10 | .400 16 6.4 1.407 | 54,7 1 1,90} 2.0 2,218 | 18,2 | 2.34 39.3
3 80 10 1,400 16 6.41 1,409 :104,7 {2.,07;: 2.0 2.60014 33,2 ! 2,33 45,0 X

18
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Performance Data for Heat-Sterilizable, Sealed Rectangular, Ni-Cd Control Cells (Unsterilized)
With Polypropylene FT2140 Separator on Continuous Cycling at 22°C

Charge Data Discharge Data; 10V Cut Off
Cell wwﬂm Cycle} Amp. Brs. AH ECV ECP | ECR | Amp AH EDP { EDR| Eff, Comments
No | Fill] No. Input| Volts |PSIA {m. L Qutput | PSIAIm x| %

6 80 10 }.400 16 6.4 |l.4k6 2.7 [L.97 | 2.0 2,984 38,2 | 2.33 52.8
7 90 10 [.400 16 6.4 | 14,22 46,2 R.50 | 2.0 3.584 | 19,7 '3.44 63.4
8 90 10 |.400 16 6.4 | 1,396 pl.7 p.0OL | 2.0 2,784 | 34,7 | 2.40] 49,3 -
1 60 11 . 400 16 6.4 11,412 14,7 8,32 | 2.0 1.552 | 14,7 [|47.60] 27,5
2 60 11 {.400 16 6.4 1,407 R4&,7 B.07 | 2.0 1.300 4.7 33,921 23.0
3 70 11 1,400 16 6.4 | 1,411 pB9.7 R.93 | 2.0 2,184 | 20,2 | 3.53} 38,7
4 70 11 |.400 16 6.4 {1,407 55,7 R.10 | 2.0 2,084 | 18,7 | 2.35; 36.9
5 80 11 |.400 16 6.4 | 1,410 [4,7 R.37 | 2.0 2,466 | 35.2 | 2,66, 43,6
6 80 11 }.400 16 6.4 | 1.418 72,7 R.,22 | 2.0 2,918 | 35.2 2,45 51.6
7 90 11 |.400 16 6.4 | 1.421 K9.7 R.89 | 2.0 3.418 | 19.7 | 3.62 60.5
8 90 11 {.400 16 6.4 _Hwbmm 14.7 PB.12 | 2.0 3.484 | 14,7 | 3.03 16,7
1 60 12 {,400 16 6.4 . 1.413 14,7 PB.73 ! 2,0 1,600 | 14,7 150.10 28,3
2, 60 12 1,400 16 6.4 : l.41l P&,7 8B.37 | 2.0 1.384 | 13.7 (32,63 24.5
3 70 12 |,400 16 6.4 11,411 0.7 .95 | 2.0 2,152 | 20,2 | 3.264 38,1
4 70 12 1,400 16 6.4 m 1.407 5.7 R.16 | 2.0 2.084 | 18.7 | 2,36 36.9
5 80 12 1,400 16 6.4 ;1.410 [7.7 R.40 | 2,0 2.518 | 35,2 | 2,49 44.6
6 80 12,400 16 6.4 | 1,419 [73.7 R.26 | 2.0 2,952 | 35.2 | 2,2G 52.2
7 90 12 1400 16 6,4 | l.421 p1.,7 p.82 | 2.0 3.366 | 19,7 | 3.39 59.6
8 90 12 m.boo 16 6.4 {1,430 14,7 pR.89 ! 2,0 3.418 } 14,7 3.0L 60.5
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Performance Data for Heat-Sterilizable, Sealed Rectangular, Ni-Cd Control Cells (Unsterilized)
With Polypropylene FT2140 Separator on Continuous Cycling at 22°C

Charge Data Discharge Data; 10V Cut Off

Cell mwﬂm Cycle| Amp, Hrs, AH ECV ECP | ECR | Amp AH EDP | EDR| Eff, Comments
No | Fill| No. ; Input| Volts [PSIA |m €L Output | PSIA |my| %

1 60 13 11,0 5 5,01 1.453 {15.7 0 2,0 2,784 | 14.7 %8.70149.3

2 60 13 | 1.0 5 5,0| L.440 |40.7 | O | 2.0 | 2,134 4.7 31,20{37.8

3 70 13 1,0 5 5,0 1.445 68,7 0 2.0 3.352 | 18.7 | 3.44{59.3

4 70 13 11.0 5 5,0| 1.477 |65.7 0 2.0 3.284 | 14,7 | 2,28{58.1

3 80 13 1.0 5 5,01 1,446 | 60,7 0 2,0 3.652 | 27.2 ' 2,30|64.6

6 80 13 1.0 5 5,0 1,448 166.7 0 2,0 3.852 | 27.212.21}68.2

7 90 13 1.0 5 5,0 1.460 | 46,7 0 2,0 3.966 18.7 | 3.44170.2

8 90 13 1,0 5 5,0( 1.477 | 54,7 0 2.0 3.666 14,7 | 3.08! 64,9 S
1 60 15 1.0 5 5.0{ 1.453 | 14,7 15,71} 2.0 3.084 | 15.7 71.15]54.6

2 60 15 1.0 3 5,00 1,435 5.7 {5.,40| 2.0 2,084 | 46.7 45.61 36.9

3 70 15 1.0 5 5,0 L.450 | 15.7 }2.75; 2.0 3,600 1 61.7 gguwwmm.w

4 70 15 1.0 5 5.0! l.443 | 14,7 (2,02} 2.0 3.634 | 57.7 | 2.86] 64,3

5 80 15 1.0 5 5.0] Ll.451 24,7 {2.43, 2.0 4,000 | 63.7 ] 2.60,70.8

6 80 15 1.0 5 5,0 1.454 122,712,127 2.0 4,016 | 63.2| 2.48 71,1

7 90 15 1.0 5 5.0, 1,465 | 17.7 }2.70; 2.0 4,084 | 49,7 4.5772.3

8 90 15 1.0 5 5.0/ 1.488 117.7 12,48} 2.0 3.752: 62,7 3,55 66,4




i

2.2 Effect of Various Additives on the Plate Behavior
2,2.1 Cobalt Additive to the positive plate,
Positive plates containing various amounts of cobalt hydroxide

were prepared for use in the initial screening experiments,

Several solutions containing various concentrations of cobalt

o nitrate and nickel nitrate were prepared. Porous sintered

nickel plaques were vacuum impregnated in these solutions and

PR, |

then cathodically converted in 307 KOH to the corresponding
\i insoluble hydroxides in the porcus plaque structure, All the
nitrate was completely reduced to ammonia, and the resulting
i plates were washed and dried. The total capacity of the plates
“y with 7.5% and 15% cobalt was 0.203 and 0.232 AH respectively.
The electrode size was 4 in®, These plates were tested for
electrochemical performance before and after heat sterilization
in flooded, plastic cells using Hg/HgO reference electrodes.
Negative plates with approximately 10 times the capacity of the
test electrodes were used as counter electrodes to avoid compli-
o cation by any possible Hy evolution at the counter electrodes

during charge. Oxygen evolved during the charge cycle was

collected and measured at known ambient temperature and pressure
to obtain ‘the equivalent coulombs used in the gas evolution,

"Oxygen-free capacity'" was obtained by noting the total coulombs

passed before any bubbles of oxygen appeared as indicated by an
electronic instrument specially designed to indicate the initiation
of gas evolution, Delivered capacity was determined from time

potential plot with Hg/HgO reference electrode. Electrochemical

metallurgical
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data for positive plates with and without cobalt addition, both
prior to and after heat sterilization are given in Table III,

The ratio "0Oy-free cap./delivered cap.” is a measure of charge
acceptance efficiency. Coulombic efficiency reported in the last
column of Table III is an empirical quantity and is obtained by
adding delivered capacity and AH equivalent to total gas evolved

and dividing this quantity by the total charge input,

It will be noted that addition of cobalt improves the charge
acceptance of the positive plate as indicated by relatively high
ratio of oxygen free capacity to delivered capacity before and after
sterilization, However, after sterilization the absolute values

of oxygen free capacity and delivered capacity are drastically
reduced for the plates coantaining cobalt, This reduction of oxygen-
free capacity is accompanied by an increased polarization of the
sterilized positive plate, Physico=chemical characterization

of the unsterilized and sterilized positive plates with and

without cobalt additives is now underway to determine the causes
for the reduction in the oxygen=free capacity due to sterilization,
These include BEL surface area measurement, pore size distribution,

x=ray diffraction, differential thermsl analysis (DTA) and thermo-

‘gravimetric analysis (TGA), Some DTA plots are given in Figures

1 to 3. Figure 1 shows the changes in the DTA curve of the positive
plate after sterilization, Figure 2 shows DTA curve for the
control sample not undergoing sterilization, The view that the

changes in the positive plate during sterilization are probably

metallurgical
materials division
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not permanent is supported by (a) the shape of the DTA curve for
the sterilized and cycled plate (Fig., 3) which is similar to the
shape of the cycled unsterilized plate (Fig, 2), and (b) the

partial recovery of the oxygen-free capacity observed during

post=sterilization cycling,

Cobalt is a standard additive to the positive plate of sealed and
- vented Ni-Cd cells manufactured by several companies, However,
its exact function or role is not well understood, Further work
is required to clarify its beneficisl effect, if any, on the

b . performance of sterilized nickel-cadmium cells,

2,2,2 Indium Hydroxide and Thallium Hydroxide Additives to the
Negative Plates,
Standard cadmium nitrate solutions containing definiteAam@unts
of indium nitrate or thallium nitrate were used for this purpose,
B Vacuum impregnation of the porous sintered plaque by these sslts
followed by cathodic conversion in KOH to form the respective
o hydroxides was carried out using the standard procedure used for
control negative plates, The following solutions were used for

these plates:

Solution AH Capacity
1.  4.45 molar Cd(NO3)y plus 0.05 molar TlN@3 6.56
2, 4,45 molar Cd(NO3)2 plus 0,005 molar TINOg 0.57
3. 4,45 molar Cd(NO3)2 plus 0.05 molar In(NO3)2 0,192
4, 4,45 molar Cd(NO3)2 plus 0,005 molar In(NO3)2 0.18

The capacity values are based upon analytical determination of Cd

. metallurgical
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plus Cd(OH), and does not include any contribution by indium or

thallium salts, The effect of these salts will be to increase the
actual capacities above the values listed on the previous page,

The electrochemical behavior was determined in flooded plastic cells

similar to those used for positive plates containing cobalt, The

results are given in Tables IV and V,

|
T

The addition of indium to the negative plate does not appear to

3
i i

have any beneficial effect on the performance of the plate before

(USRS

or after sterilization as shown by the data in Table IV. Addition

of indium generally.reduces the hydrogen free capacity. The »

g delivered capacity following heat sterilization is also significantly
| reduced, On the basis of these facts no further work with indium

additive is planned or contemplated,

b et

Addition of thallium hydroxide apparently increases the hydrogen

free capacity prior to sterilization, although the control plate,

without any thallium also gave relatively high hydrogen free

capacity on first cycla, This hydrogen free capacity for control

cells dropped on second and third eycle while the plates containing
ol thallium hydrogen free capacity increased on second cycle. More
definitive work with thallium addition is nesded before final

conclusions can be made,

metallurgical
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Effect of Sterilization on Active Components

3,0 Effect of heat sterilization on KOH absorption by the separators as well

as by the positive and negative plates was determined during the report

period, The data for KOH absorption by separators 14019 and FT 2140

before and after heat-sterilization at 135°C for 64 hours.in 30% KOH

or 30% KOH saturated with CdO and with or without positive and negative
plates are given in Table VI, Without exception, all samples of the
separator material absorbed mdre KOH after sterilization, The presence
of Cd0 in the electrolyte or the positive and the negative plates in
contact with the separator did not have any measurable effect on the
amount of KOH absorbed by the separator, These results indicate that
the effective porosity of the separator or the capacity of the separator
to retain KOH increases due to heat sterilization, This will result

in effective lowering of the per cent pore fill by KOH after cell steri-
lization and may account for increased resistance found in many cells
following heat-sterilization treatment, For these reasons, 60 and 70%

pore fill levels appear inadequate,

Experimental data on the effect of heat-sterilization of the positive

and negative plates on KOH absorxption characteristics are given in

Table VI, These results show that during the pre-sterilization cycling

of the plates, the pick of 30% KOH increases, After sterilization, there

appears to be little change in KOH pick, However, on cycling these

N

plates following heat-sterilization, the pick up by the positive plates'
show an increase where the pick up by negative decreases, These data

will be correlated with the pore size distribution data on these plates

to arrive a lo 1 _int i nees.
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TABLE VI

ABSORPTION OF KOH SOLUTIONS
BY TWO BEST POLYPROPYLENE SEPARATORS
BEFORE AND AFTER STERILIZATION

: 30% KOH 30% KOH
TEST 30% KOH 30% KOH 30% KOH sat'd with | sat'd with
MEDIA 30% KOH | & positive | & negative |sat'd with cdo cdo
plate plate Cdo & positive . & negative
plate plate
gépzizgor Absorption of KOH Expressed in gmKOHsoln/gm sep.
Presterilization 2.83 2,81 2.91 2.99 3.14 2,98
Poststerilization 4,70 5.15 4,33 4,60 4,40 4,85
Increase 1.87 2.34 1,42 1.61 1,26 1.87
14019 #2
Presterilization 6.30 6.35 6.37 6.59 6.09 6.00
Poststerilization 13.90 17.00 17.10 17.60 9.40 11.00
Increase 7.60 10.65 10.73 11.01 3.31 5.00
14019 #3
Presterilization 4,81 5.43 5.98 5.02 4,69 5.31
Poststerilization 16.50 16,60 16.40 10,80 12,60 13.20
Increase 11.69 11.17 10.42 5.78 7.91 7.89
igp;izgor Absorption of KOH Expressed in cc KOH/in2 separator
Presterilization 0.105 0.104 0.108 0.110 0.116 0.110
Poststerilization 0.174 0.190 0.160 0.166 0.163 0.179
Increase 0.069 0.086 0,052 0.060 0.047 0.069
14019 #2
Presterilization 0.202 0.203 0.204 0.211 0.195 0,192
Poststerilization 0. 445 0.544 0.547 0.563 0.301 0.352
Increase 0.243 0.341 0.343 0.352 0.106 0.160
14019 #3
Presterilization 0,144 0.163 0.179 0,151 0.141 0,159
Poststerilization 0.495 0.498 0.492 0.324 0.378 0.396
Increase 0.351 0.335 0.313 0.173 0.237 0.237
H
’8 metallurgical
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TABLE VII

EFFECT OF STERILIZATION ON THE ABSORPTION OF 307 KOH

BY THE POSITIVE AND THE NEGATIVE PLATES

" k Pre-sterilization Post-sterilization
Initial .
i Pick up of KOH e Pick up of KOH
Dry wt. g KOH/g Plate g KOH/g Plate Not _ Cycled
Plate as as . After
) Received Received Cycled Cycled Sterilization
Neg. 1 6.3514 127 . 137 . L4 . 114
2 6.4344 . 119 . 143 . 149 .110
; 3 6,2234 . 123 . 125 .132 ,113
1
A 4 6.3688 125 . 148 . 143 . 104
? Ave, 6.3445 .123 . 138 . 142 . 110
" Pos, 1 55,6122 .118 . 139 . 136 .200
2 5.9281 124 164 . 158 . 196
3 5.1690 .126 . L45 . 139 .202
Ave, 5.5697 . 123 . 149 ‘. l44 . 199
29 metallurgical
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DTA and TGA Studies

In order to get a better understanding of the physico-chemical changes
occurring particularly in the state of hydration and degree of oxidation
of the active material, during thermal sterilization of the Ni-Cd cells,

techniques of DTA and TGA are being used as reported earlier,

Typical DTA curves for the positive plates under the following stages
are given in Figures 1 to 4.

Figure:-l: Positive Plate as Received

Figure 2: Positive Plate Cycled Prior to Sterilization

Figure 3: Positive Plate After Heat-Sterilization

Figure 4: Positive Plate Cycled After Sterilization
Shape of the curve of Figure 4 has been confirmed on other plates,
Similar DTA curves for the negative plates in (a) as received (b) cyecled
(c) after sterilization and (d) cycled after sterilization are given

in Figures 5, 6, 7 and 8 respectively,

An interpretetion and correlation of these data with other electro-
chemical and physico-chemical data is now underway and will be reported

in the final progress report,

metallurgical
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